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Abstract 15 
The normative question “what’s the impact of historical firm’s decisions and network position in 16 
the embeddedness and performance of actors in a collaborative platform like the Industrial 17 
Symbiosis?” has received attention of researchers. This paper provides an overview of the 18 
Industrial Symbiosis (IS) process, offering an historical analysis of its evolution as the only current 19 
and life example of industrial collaborative network system which provides a novel setting of 20 
insights with which to inform and refine our understanding of these organizational theories more 21 
broadly.  The results show the historical outline of Altamira-Tampico IS and set the three different 22 
stages – regional efficiency, regional learning, sustainable industrial district - proposed by Baas and 23 
Boons (2004), relating them to an underpinning motivation and industrial symbiosis network 24 
(ISN). So, the dynamic evolution of industrial symbiosis started with Emergence (1997), then 25 
Regional efficiency (2007) Regional learning (2011) and finishing with Sustainable Industrial District 26 
(2016) on a wider industrial symbiosis outlook. We consider that the IS project at Altamira-Tampico 27 
has been a dynamic example of socio-technical and environmental model, embodying one of the 28 
most successful biophysical, social and economic symbiotic case studies in Mexico and abroad. 29 
Building on this view, the managerial strategy and willingness of the stakeholders to encompass a 30 
compelling interactive learning process in Altamira is supported by the findings that identifies 31 
successful mechanisms heightening learning and innovation while decreasing transaction costs 32 
and increasing flexibility.   33 
Keywords: historical analysis, industrial symbiosis, system dynamics, learning process, 34 
embeddedness.  35 
Introduction 36 
Within the framework of industrial ecology, the study and promotion of industrial symbiosis 37 
have generated a large amount of research (Chertow, 2000, Dannequin, Diemer, Petit, Vivien, 2000, 38 
Chertow, 2007, Beaurain, Brullot, 2011, Boons, Chertow e& al., 2016; Diemer & al, 2017). Based on the 39 
concept of biophysical symbiotic exchanges, industrial symbiosis engages “separate entities in a 40 
collective approach to competitive advantage involving physical exchange of materials, energy, 41 
water and by-products” (Chertow, 2000, p. 314) for mutual economic and environmental benefits 42 
(Christensen, 2006. p. 3). Industrial symbiosis closes cycles by turning wastes into valuable materials 43 
that substitute raw materials in an industrial system, to reach a natural closed ecosystem (van 44 
Berkel, 2010). More recently, Diemer and Morales (2016) defined Industrial Symbiosis (IS) as a 45 
subfield of industrial ecology driven by “strong sustainability” expectations (Diemer, 2017). The 46 
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idea that symbiosis can embody a model of strong sustainability refers to the interaction of four 47 
pillars: eco-efficiency, cooperation, proximity and resilience. From these considerations, industrial 48 
symbiosis can be presented as “the process of cooperation developed by networked actors in a 49 
common geographical, organizational and institutional environment. Voluntary involvement of 50 
local authorities, firms and NGO must promote synergies aimed at improving eco-efficiency and 51 
resilience of the dynamic system” (Diemer, Morales, 2017).  52 
 53 
If industrial symbiosis has often been associated with metabolism studies (material and energy 54 
flows, input / output models, life cycle analysis) or efficient benefits, much attention is focused today 55 
on the social and dynamic learning process. The connection between biophysical exchanges and 56 
social interactions has been successively analyzed by Sterr and Ott (2004), Gibbs and Deuz (2005, 57 
2007, 2008), Hewes and Lyons (2008), Shi, Chertow and Song (2009), Boons and Howard-Grenville 58 
(2009), Domenech and Davis (2011). These authors prefer to highlight the social dynamics within a 59 
symbiosis rather than the economic benefits or technological issues. Trust and community 60 
embeddedness, coordination mechanisms, norms, values, routines, rules and close relationships 61 
strengthen the sustainability of the symbiosis and explore the social context of industrial ecology.  62 
These perspectives were presented as a matter of evidence at the 2011 Industrial Symbiosis Research 63 
Symposium (ISRS) in San Francisco, which was organized by the International Society of Industrial 64 
Ecology (ISIE) section of the Yale School of Forestry and Environmental Studies. The emergence of 65 
the dynamic learning process introduced a new focus on industrial symbiosis studies. It considers 66 
that industrial symbiosis can be easily conceptualized as a process rather than a state of affairs. So, 67 
Lambert and Boons (2002, p. 473) described sustainable development (of industrial parks) as “social 68 
process in which the principles of sustainable development are taken as a starting point for assessing 69 
ecological, social, and economic aspects of decisions in an integrated way through interactive 70 
learning processes among societal actors”. Boons, Spekkink and Mouzakitis (2011, p. 907) proposed 71 
to provide a theoretical basis for understanding the dynamics through which regional industrial 72 
systems change their connectiveness in their pursuit of reduced ecological impact. They 73 
distinguished two levels of analysis: the level of the regional industrial system (collection of firms 74 
located in proximity to one another) and the societal level (diffusion of industrial symbiosis, 75 
including philosophy and practice). More recently, Boons, Chertow, Park, Spekkink and Shi (2016, p. 76 
4) specified seven types of industrial symbiosis dynamics, characterized by initial actors, their 77 
motivation, overall storyline and typical outcomes.      78 
      79 
 The aim of the paper is to explore the social context and the learning process of the Industrial 80 
Symbiosis (IS) to offer insights into the complex interactions between actors and organizations. The 81 
fact that industrial symbiosis seeks to optimize the material, energy and waste flows by acting on 82 
biophysical and economic dimensions of sustainability, should not make us forget that there are 83 
social key drivers that facilitate this pathway. We will refer to an empirical case study, the 84 
By-Product Synergy (BPS) project at Altamira-Tampico (Mexico). We argue that the IS is more than a 85 
simple group of stakeholders taking managerial decisions in a collaborative platform, this network 86 
involves the will of firms connected to events and historical commitments. The interactive learning 87 
process documented in Altamira suggests that embeddedness in the IS can heighten learning and 88 
innovative while decreasing transaction costs and increasing flexibility.  89 
 90 
Three questions served as a guideline: What is the social context in which material and energy flows 91 
are produced and exchanged? How this social context affects the functioning, the organization and 92 
the future of the IS? What recommendations should be made to business companies or public actors 93 
to facilitate the transfer and learning process? To challenge them, we will outline the paper in four 94 
sections. First, we will provide a literature review on the dynamics of industrial symbiosis. Second, 95 
we will present the context and the history of industrial symbiosis at Altamira. Third, we will 96 
introduce the methodology of the case study. Fourth, we will analyze the results and the discussion 97 
of the industrial symbiosis dynamic at Altamira. 98 
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Literature review on Industrial Symbiosis Dynamics (ISD)  99 
 100 
In a recent paper titled “Industrial Symbiosis Dynamics and the problem of Equivalence, 101 
proposal for a Comparative Framework”, Boons, Chertow, Park, Spekkink and Shi (2016) used 102 
collective experiences of collaborative research efforts in North America, Europe and Asia to 103 
propose a theoretical framework to drive a comparative analysis to a global level. What they called 104 
the problem of equivalence would reflect the difficulty of finding concepts that identify equivalent 105 
empirical phenomena in different countries. Their research lead them to consider that industrial 106 
symbiosis has to be conceived as a process, a sequence of events which can be viewed as social 107 
mechanisms. This approach of industrial symbiosis dynamics tries to understand how the process of 108 
industrial symbiosis unfolds and spreads within a network of actors.  109 
 110 
This question is central, Lambert and Boons (2002, p. 473) had put forward the hypothesis that 111 
the process (of sustainable development) consisted of a continuous stream of smaller co-operative 112 
efforts through which a group of actors advanced its understanding of how to assess social, 113 
economic and ecological aspects of their decisions in an integrated way. If ideally, each of the 114 
co-operative efforts contributed to the further development of the group of actors towards 115 
sustainability, Lambert and Boons noted that in practice, two problems prevented the 116 
materialization of the process: (i) If it’s relatively easy to initiate in the short-term, social changes 117 
often come back into their old patterns. The embeddedness in an institutional and rigid context 118 
would explain this situation and the actors need to be involved in the changing process. (ii) Change 119 
is often incremental and is more linked to system optimization rather than system change, so, it’s 120 
important to find the leverage points able to balance the existing system. For Lambert and Boons, 121 
industrial symbiosis would offer the opportunity of implementing these insights. Few elements 122 
could drive the system: (1) the goal, is not only to reach environmental targets, it’s necessary to 123 
improve social, ecological and economic dimensions of sustainability (Diemer, 2013). (2) If the 124 
continuous appraisal of the system is important, a strategic vision to match operational 125 
implementation is essential. We could summarize this idea by the phrase “thinking global, acting 126 
local” commonly used in the jargon of sustainability. (3) There is a need to connect social and 127 
technological issues. Trust, commitments, collaboration and communication must be compatible 128 
with technological frontiers (each individual firm has to identify and follow his own technological 129 
pathway, there is no global strategy for all the actors of the global system). Lambert and Boons (2002) 130 
insisted in their conclusion setting two major types of industrial park: mixed industrial parks and 131 
industrial complexes (where industrial symbiosis belongs to), focused on the optimization of 132 
material and energy flows, however connection between biophysical exchanges and social relations 133 
is a necessary but not sufficient condition to improve the dynamic evolutive process of the 134 
symbiosis.  135 
 136 
Boons and Berends (2001), Baas and Boons (2004) presented an interesting theoretical 137 
perspective suggesting how the emergence of industrial symbioses based on win-win situations 138 
between firms could lead to an organization strategy embracing industrial development (Diemer, 139 
2017). The analytical framework begins by a static approach to system boundaries (sector of 140 
industry, product chain, regional industrial system) and proposes to focus on changes that influence 141 
the system. In dynamics issues, the authors argue that regional system “may be forced to grow in 142 
terms of activity numbers, and actor’s diversity” (2004, p. 1075). Life cycle (network’s evolution), 143 
learning network, collective facilities outsourcing, community development or innovations justify 144 
the adoption of changes which can follow the three following stages. The first stage, regional 145 
efficiency, is described as autonomous decision-making by firms and coordination with local firms to 146 
decrease inefficiencies (utility sharing). The second stage, regional learning, is based on mutual 147 
recognition and trust: firms and other partners exchange knowledge and broaden the definition of 148 
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sustainability on which they act. The third stage, sustainable industrial districts, shows further 149 
evolution towards a strategic vision and collaborative action rooted in sustainability1.  150 
 151 
This analytical framework helps to analyze regional industrial systems (Boons, 2008) cases and to 152 
figure out the different alternatives to close loops (central planning, governmental agencies or 153 
self-organization market), without disregarding the structure, function and evolution of the regional 154 
industry. Ashton (2009) integrated insights from industrial ecology and economic geography with 155 
complex system theory to identify external forces and interactions among different actors. Ashton 156 
(2009) introduced economic geography to examines the reasons for the concentration of industries in 157 
certain regions, the organizational dynamics among businesses and the advantages for companies 158 
and human population. Using Porter’s typology (1990), he insists on four sets of forces driven the 159 
success of a region: (1) company strategy, structure and rivalry, which determine how companies 160 
operate and interact with each other; (2) local market demands, which influence the quality of goods 161 
and services produced; (3) the availability of factors of production, as natural resources, labor, capital 162 
and infrastructure to meet supply needs and (4) the existence of related industries and institutions 163 
that support the core industries. The organizational structure of the regional industry results from 164 
these economic forces but also from social forces that define what are the acceptable norms and 165 
practices. Complex system theory is useful to consider interactions between actors at multiple levels 166 
and to examine how those interactions shape and change system structure and functions (Holling, 167 
1987, 2001). Thus, Ashton considers that regional industrial ecosystem may be conceptualized as 168 
complex adaptive systems with diverse self-organized subsystems (including firms at one level and 169 
managers at another), with multiple connections among them and the ability to learn and adapt to 170 
external or internal changes. His case study – Barceloneta, Puerto Rico – integrates economic and 171 
ecological attributes that characterize the structures and functions in a regional industrial ecosystem. 172 
Industrial symbiosis is introduced as a strategy from managers in response to changing regulations, 173 
awareness of common problems and economic feasibility. All these arrangements provided 174 
collective strategy for treatment of wastewater or solvent recycling. The evolution of the industrial 175 
symbiosis is conceptualized within an adaptive cycle in complex system, resilience is a key driver to 176 
fight against perturbations and disturbances. This framework is interesting but we identified two 177 
limits:  178 
 179 
(1) Study the evolution of industrial symbiosis doesn’t mean representing its dynamism. We 180 
need to use here another form of complexity, a methodology introduced by Forrester (1961), 181 
Industrial Dynamics (or System dynamics). System Dynamics is a form of computer simulation 182 
modeling which uses the concepts of information feedback and state variables to model social 183 
systems and to explore the link between system structure and time-evolutionary behavior 184 
(Forrester, 1968). To model the dynamic behavior of a system, Forrester (1969, p. 12) proposed 185 
to recognize four structural features: (i) Closed boundary around the system; (ii) Feedback 186 
loops as the basic structural elements within the boundary; (iii) Level (state) variables 187 
representing accumulations within the feedback loops; (iv) Rate (flow) variables representing 188 
activity within the feedback loops. The system dynamics purpose is to explain behavior by 189 
providing a causal theory, and then to use that theory as the basis for modeling and designing 190 
intervention policies into the system’s structure, which then attempts to change behavior and 191 
improve performance (Lane, 2008). Thus, the evolution of industrial symbiosis may work out 192 
the reinforcing or balancing loops in the system (Sterman, 2000; Coelho, Morales, Diemer, 2017).  193 
 194 
(2) If resilience assumed that industrial symbiosis is part of a system of ecological and 195 
economical interactions, Ashton (2009) used the first definition of resilience (Holling, 1996). 196 
This definition refers to stability close to equilibrium, resistance to disturbance and time taken 197 
                                                 
1 Chertow (2007, p. 23) notes that it’s not clear that the third stage sustainable industrial district is coming any 
time soon as nor that a strongly collective orientation will ever fully fit with the other imperatives of firms.  
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by a system to return to the equilibrium area. Holling (1996, p. 33) called it “Engineering 198 
resilience”. There is a second definition of resilience which highlights conditions far away from 199 
any equilibrium. Instabilities can move the system towards another behavioral regime, that is, 200 
in another domain of stability (Holling, 1973). Thus, resilience is measured by the maximum 201 
intensity of disturbances the system can absorb without changing structure, behavior or 202 
regulatory process. Holling refers to this as “ecological resilience”. This last definition implies 203 
analyzing the maximum disturbance one symbiosis can bear to without changing its operating 204 
system or organizational structure. For us, it’s a pillar of strong sustainability (no substitution 205 
between natural capital and artificial capital, which reinforces the concept of industrial district).   206 
 207 
   More recently, Boons, Spekkins and Mouzakitis (2011) proposed to conceptualize industrial 208 
symbiosis as a process, even if that typology has changed afterwards (Boons, Spekkink, Muzakitis, 209 
2011; Boons, Chertow, Park, Spekkink, Shi, 2016), we consider it relevant for this study, because 210 
dynamics is analyzed through two levels of analysis. At the first level, they insisted on the proximity 211 
of industrial relationships (Jensen and alii, 2011). They used the concept of regional industrial 212 
system (RIS) defined as “a more or less stable collection of firms located in proximity to one another, 213 
where firms in principle can develop social and material/energy connections as a result of that 214 
proximity” (2011, p. 907). Local authorities and other actors (consumers, citizens, NGOs…) can get 215 
involved in the symbiosis project and increase the viability of the regional industrial system. 216 
Industrial symbiosis is connected to eco-industrial parks or industrial clusters. They pointed out 217 
that, although geographic proximity is important to industrial symbiosis (Ehrenfeld, Chertow, 2002), 218 
it is not the only condition of resource exchanges (Wu, Qi, Wang, 2016). The industry success also 219 
depends on trust and social network developed by the agents’ community. Boons, Spekkins and 220 
Mouzakitis (2011) introduced the concept of institutional capacity building, developed by Innes and 221 
Booher (1999). Institutional capacity building is “an array of practices in which stakeholders, representing 222 
different interests, come together for face to face, long term dialogue to address a common concern issue” (1999, 223 
p. 412). Three forms of institutional capital may reinforce the industrial symbiosis: (i) knowledge 224 
resources (availability and sharing of knowledge), (ii) relational resources (embeddedness of agents 225 
in social networks), (iii) mobilization capacity (structure and means to induce knowledge resources 226 
and relational resources).  At the second level, they tried to understand how industrial symbiosis 227 
spreads in society, this dissemination is the result of innovation’s transmission and its underpinning 228 
effect in the social context, which highlights the ability of the system to adapt to its environment and 229 
at the same time change its environment. Boons, Spekkings and Mouzakitis (2011) proposed a list of 230 
transmission mechanisms that are responsible for the diffusion of industrial symbiosis : (1) 231 
constraint, an organization is forced to adopt the routine rules of another organization that holds 232 
power within the symbiosis process; (2) imitation, an organization may adopt routines and 233 
operating procedures as a result of observing the practices of other organizations, for statutory 234 
reasons or because the practices provide a response to uncertain situations; (3) governance of private 235 
interests, organizations may choose to collectively adopt a rule or routine due to the threat of 236 
legislation; (4) public initiatives,  political actors can initiate experiences and practices and then 237 
disseminate the results in the form of “good practices” to accelerate public acceptance; (5) training 238 
and professionalization, from training, people can learn new concepts and techniques; (6) altering 239 
the conditions of boundaries, actions are intended to stimulate the actors of regional industrial 240 
systems in a self-organizing way. These mechanisms seem to play a key role in the conception and 241 
the diffusion of the industrial symbiosis, they open a very large research field as the historical 242 
transition of socio-relational, organizational and cultural issues.   243 
 244 
Firstly, these mechanisms may update the definition of industrial symbiosis in a social approach 245 
(Lombardi and Laybourn, 2012) by stipulating that “Industrial symbiosis engages diverse 246 
organizations in a network to foster eco-innovation and long-term cultural change. Creating and 247 
sharing knowledge through the network yields mutually profitable transactions for novel sourcing 248 
of required inputs, value-added destinations for non-product outputs and improved business and 249 
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technical processes” (2012, p. 32). Organizational sociology examines how social forces drive 250 
structure and forces the interactions among groups (Scott, 2004). Studies in that area are focused on 251 
how shared beliefs, values and norms develop a social system and how these, in turn, influence the 252 
organization’s behavior and function. So, the industrial ecosystem may constitute a new 253 
organizational field, where new norms will emerge, including communicational structures among 254 
different industries, considering traditional wastes as potential raw materials through the 255 
institutionalization of mechanisms for collaboratively resources management (Jacobsen, 2005). Social 256 
structure patterns induce repeated interaction among actors, usually symbolized as networks, where 257 
actors are represented by nodes and ties depicts connections between them (Ashton, 2008). 258 
 259 
Secondly, these mechanisms enounced in the Table 1 may help us to build a typology of 260 
Industrial symbiosis dynamics, characterized by initial actors, actors’ motivations, overall stories 261 
and typical outcomes. Boons, Chertow, Park, Spekkink, Shi (2016) introduce seven categories that 262 
could generate a symbiotic network: the self-organization, the organizational boundary change, the 263 
facilitation-brokerage, the facilitation collective learning, the pilot facilitation and dissemination, the 264 
government planning, and the Eco-cluster development.  265 
 266 
Table 1: Seven types of industrial symbiosis dynamics 267 
Dynamics 
Typology 
Initial actor(s) Motivation of the 
initial actor(s) 







benefits from IS 
Industrial actors expect benefits in developing 
symbiotic linkages→ industrial actors search for 
suitable partners (existing partners in vicinity or new 
partners attracted from further away) → after finding a 
suitable partner, contracts are negotiated→ linkage 












An industrial actor expands its activities through 
vertical integration and develops internal exchanges→ 
the industrial actor changes its strategy from vertical 
integration into outsourcing→ the linkages remain and 
the system evolves into an interorganizational network 
 









A facilitator picks up the concept of industrial 
symbiosis from existing examples → the concept is 
translated into specific regional context→ industrial 
actor and facilitator engage in collaborative learning to 















A facilitator picks up the concept of industrial 
symbiosis from existing examples → the concept is 
translated into specific regional context→ industrial 
actor and facilitator engage in collaborative learning to 
develop symbiotic network 
 
Pilot facilitation and 
dissemination 






IS cases and 
experiment in a 
local context 
A facilitator picks up the concept of industrial 
symbiosis from existing examples → the concept is 
translated into specific national/regional context→ 
groups of colocated industrial actors are selected to 
serve as exemplary cases→ further refinement of the 
concept occurs through learning in pilot projects→ the 
experiences from pilot projects are transmitted by the 
facilitator to other groups of collocated industrial 
actors. 








existing IS cases 
and implement 
A governmental actor picks up the concept of 
industrial symbiosis from existing examples → the 
concept is included in policies and translated to the 
specific national/regional context→ the governmental 
actor develops a plan for the development of linkages 
through stimulating and/or enforcing policy 
instruments→ the progress of implementation is 
monitored→ the results of evaluations are fed back 











Local governments and/or industrial actors develop a 
strategy for the development of an eco-cluster→ 
symbiotic linkages are developed through 
participatory process among multiple stakeholders as 








Source: Boons, Chertow, Park, Spekkink, Shi (2016, p. 5) 268 
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 269 
   Every category has its own dynamic. For example, the dynamic of self-organization describes the 270 
development of symbiotic activities because of the self-motivated strategies of industrial actors. 271 
These actions are driven by individual industrial actors and occurred within an institutional context 272 
(level of trust, social norms, regulation’s policy…). Kalundborg and its forty years of improving the 273 
synergies, is a good example. The dynamic of Eco-cluster development describes cases where 274 
different local actors (local government, firms and interest organizations) come together around the 275 
goal of achieving economic development and/or technological innovation, and IS is implemented as 276 
part of that developmental strategy (Boons and Alii, 2016). A participatory process seems essential to 277 
resolve any problem, conflict or discussion between actors and to engage them into a cluster of 278 
companies.  279 
 280 
     Taddeo, Simboli, Morgante and Erkman (2017) compared the dynamics of industrial symbiosis 281 
and the main characteristics of (regional) industrial clusters. Three study cases (chemical, 282 
automotive and agri-food industries) located in the Italian Region of Abruzzo were described. The 283 
authors considered that the most significant factors influencing the development of an industrial 284 
symbiosis arise from different life-cycle stages. The design of the framework refers to three stages: (i) 285 
current state of the context (structural factors as the nature and the characteristics of the processes 286 
and the material and energy flows); (ii) previous state of the context (factors and forces that are 287 
embedded in people and organizations: culture, experiences, knowledge, roles, rules, routines); (iii) 288 
future potential state of the context (perception of the local stakeholders, on future effects/potentials 289 
benefits). From the three previous study cases by Taddeo et al. (2017), the following key drivers are 290 
settled as geographical and technical requirements (strategic location, resources availability and the 291 
utilities presence in the industrial site); homogeneity / heterogeneity of industries (number 292 
industries and processes involved in the industrial symbiosis); active participation of stakeholders 293 
(local governments, agencies, key actors, communities); regulatory system (environmental 294 
legislation and standards). In summary, the structural factors that play the more relevant role in the 295 
industrial symbiosis development are: proximity of production plants, infrastructure, utility and 296 
service’s availability, the wastes’ volume and homogeneity, the limited presence of hazardous 297 
materials and the willingness of companies and stakeholders (Taddeo, Simboli, Morgante, Erkman, 298 
2017).  299 
 300 
To conclude on this part, we will say that the dynamic process of industrial symbiosis reviewed 301 
in this paper attempts to extend the works of Baas and Boons (2004), Boons and Grenville (2009), 302 
Boons, Spekkink and Mouzakitis (2011), Boons, Chertow, Park, Spekkink and Shi (2016), Taddeo, 303 
Simboli, Morgante and Erkman (2017). We identify stages of construction, type of actors and 304 
underpinning motivations in the industrial symbiosis, supporting our results through the evidence 305 
found in the Altamira case study. The stages that we present as a conceptual framework are those 306 
proposed by Baas and Boons (2004): Regional efficiency, Regional learning and Sustainability of 307 
industrial districts. However, we included another stage just before the Regional efficiency, called 308 
Emergence. We have sought to re-embed biophysical exchanges (stocks and flows of materials and 309 
energy) in the social system (Diemer, 2012, 2017). The Social Embeddedness of Industrial Symbiosis 310 
(Boons and Grenville, 2009) may be useful to address some key questions: how is the social context 311 
in which exchanges of material and energy flows are produced? Why does this social context enable 312 
or constrain transformation in production, exchange and consumption? What role do local and 313 
public authorities (municipalities), citizens and other organizations play in the occurrence and 314 
performance of industrial symbiosis? We introduced the two levels of social process in the evolution 315 
of industrial symbiosis – level of regional industrial system (RIS) and societal level (SL) – proposed 316 
by Boons, Spekkink and Mouzakitis (2011), even if the analysis of routines and norms was not 317 
completely done. We suggested that social mechanisms introduced by Boons, Chertow, Park, 318 
Spekkink and Shi (2016) to provide a typology of Industrial Symbiosis Dynamics could be helpful to 319 
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illuminate our comprehensive overview of the Industrial symbiosis (IS) process, offering an 320 
historical analysis of its evolution. 321 
Case study context and history 322 
The example of Kalundborg (Denmark) started in the 1960’s, is often described as the success 323 
story of industrial symbiosis (Branson, 2016, Jacobsen, 2006), after this uncovering industrial 324 
symbiosis example other symbiotic projects emerged in the 1990’s like the by-product synergy (BPS) 325 
project in Altamira (Mexico), started in 1997 by the Business Council for Sustainable Development 326 
for the Gulf of Mexico (BCSDGM2). From Mangan and Olivetti (2010), BPS is the matching point of 327 
undervalued waste or by-product streams from one facility with potential users to another facility, 328 
to create new revenues or savings with potential social and environmental benefits. The BPS process 329 
aims to provide manufacturing facilities with opportunities to reduce pollution and save money and 330 
energy by working with other plants, companies and communities to reuse and recycle waste 331 
materials. 332 
Altamira-Tampico, Industrial Corridor Framework 333 
Because of its strategic location, the Altamira-Tampico area in the state of Tamaulipas is one of 334 
the most important coastal commercial zones in Mexico. It has more than 30 companies with 335 
international links to more than 55 countries worldwide. The largest entities that foster the region’s 336 
economy as presented in Figure 1 are the Madero Refinery, Altamira Industrial Park, the Altamira 337 
Industrial Port, the Petrochemical corridor and the Industrial Association of Southern Tamaulipas 338 
(AISTAC). For Altamira, the goal of the BPS project was “to promote joint commercial development 339 
among economic sectors so that one industry’s wastes became another industry’s input” (Young, 340 
Baker, 1999, p. 459). Promoted by the BCSDGM the Altamira BPS project aimed at its early stages to 341 
identify a minimum of five synergies, foster greater understanding of eco-efficiency, and create a 342 
new community of companies with greater industrial leadership. 343 
 344 
Figure 1. Location of the Altamira Industrial Port Cluster 345 
 346 
Source: Altamira Industrial Port (2005) 347 
 348 
The Madero Refinery is one of the industrial complex’s vital organs, with an annual capacity of 349 
7.5 million tons of crude oil and refined products. The refinery is adding catalytic gasoline 350 
                                                 
2 From Mangan and Olivetti (2010), the BCSDGM was subsequently established in 1993, comprising a non-profit organization 
of business leaders sharing the belief that businesses success is measured increasingly by their contribution to economic, 
social and environmental sustainability.  
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desulfurization plants, amine regeneration units and utilities. The refinery was upgraded and 351 
modernized between 1999 & 2002 to substantially reduce air and liquid emissions and surface water 352 
consumption. It also helped satisfy growing regional demand for unleaded gasoline to meet 353 
Mexican environmental regulations, assisted Mexico's electric sector in shifting consumption to 354 
natural gas, increasing light fuel production and expanding refining capacity. The project was 355 
supported by EX-IM bank in the United States. 356 
 357 
The Altamira Industrial Park represents the strategic integration hub in the region. The 358 
cost-benefit ration overwhelmingly favors large scale production companies and long-term 359 
investment. Approximately 500 hectares have been prepared with all basic services, such as water, 360 
electricity, gas and roadways and they were made available. The Altamira Industrial Park contains 361 
around 20 large private companies (BASF Mexicana, Biofilm, Flex America, Absormex, Dypack, la 362 
Esperanza, Fletes Marroquin, MASISA, Iberdrola, Kaltex Fibers, Mexichem, Polioles, Posco Mexico, 363 
Sabic Innovative Plastics Mexico). 364 
 365 
Altamira Industrial Port, is one of Mexico’s preferred trading port, built in 1980, its strategic 366 
location, only 500 km from the US border, as well as from the main economic centers in Mexico, 367 
allows for speedy access to any market in the world. The port uses only 30% of its total area of 3,000 368 
ha and moves more than 6 million tons through the port every year. 369 
 370 
Altamira Petrochemical Corridor counts several multinational corporations that represent 371 
nearly 25% of private petrochemical industry in Mexico and produce almost 60% of all exports in 372 
basic petrochemical products (CRYOINFRA, INDELPRO, M&G Polimeros Mexico, Chemtura, 373 
McMillan, DUPONT, DYNASOL, CABOT, Enertek and Petrotemex). The starting point of the 374 
petrochemical corridor was in the 1970´s with the establishment of the firms Dupont, PETROCEL 375 
and Hules Mexicanos. Furtherly stimulated by the construction of the Altamira trading port. 376 
 377 
The Southern Industrial Association of Tamaulipas (AISTAC), is an organization funded at the 378 
beginning of the 1980´s, it represents some of the largest companies of the South of Tamaulipas state 379 
area and acts as a link between industry, community and local authorities. The AISTAC’s origin is 380 
strongly linked to the Altamira Petrochemical Corridor´s development. 381 
 382 
As pointed out by Frosch and Gallopoulous (1992), the analogy between industrial and 383 
biological ecosystems is not perfect, much could be gained if the industrial system emulated the best 384 
characteristics of the biological analogy. Altamira’s industrial corridor operates as an open system 385 
subject to the entrance of energy: the petrochemical industry that processes a high flow of 386 
non-renewable fossil fuels, when they start to sough for a recovery and recycling strategy. 387 
Nevertheless, the economic, social and environmental benefits, according to some analyses, are still 388 
limited.   389 
Historical outline at BPS Altamira - phases and typologies 390 
The historical understanding of industrial symbiosis is based on combined biophysical, social 391 
and economic dimensions which are associated with four different phases and typologies of 392 
industrial symbiosis depicted in Table 2.  393 
 394 
    The first phase - the emergence phase - (1997-2006) is linked to the starting point of the 395 
By-product Synergy (BPS) Project represented in the Industrial symbiosis typology of “Facilitator – 396 
brokerage” (Boons et al., 2016) because at that moment most key petrochemical companies in the 397 
area were associated with/members of AISTAC. Of the 21 companies that participated in this project, 398 
18 were members. The motivation of the stakeholders was the tipping point for organizational 399 
improvements and synergies development between firms. The BPS project was perceived as a high 400 
potential opportunity mainly because of the geographical proximity. Other positive factors like the 401 
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existence of the AISTAC with its over 20 years of experience, the common environmental concerns 402 
shared by the companies, the companies’ collective interest in identifying cleaner and more efficient 403 
processes, and the leadership of Mr. Prieto among the business members pushed the companies 404 
through the creation of high quality “commodity” and cost reduction processes, looking for 405 
collaborative efficiency improvement. Because of the first phase, the BPS identified a total of 373 406 
material flows, the atmosphere of trust was strengthened and great enthusiasm was generated to 407 
cooperate in the project. From the output fluxes 120 were wastes from 78 different materials and 54 408 
were final products, semi-finished products and by-products. The wastewater, CO2 and CO 409 
represented the larger amount with 44820, 44400 and 26720 ton / year respectively (Carrillo, 2007). In 410 
the first stage, the WBCSD-GM did not go deep into the social dimension, even though the key 411 
actors’ roles were underlined in the emergence of industrial symbiosis. 412 
 413 
The second phase is the Regional efficiency (2007-2010) of industrial symbiosis, maintaining the 414 
“Facilitator –brokerage” type of industrial symbiosis practically without relevant changes, except by 415 
the fact that the main motivation of initial actors was the eco-efficiency instead of the transparency 416 
and the willingness for coordination in the form of inter-firm cooperation. This phase was 417 
characterized by the participation of 18 founding firms (members of the AISTAC), the research and 418 
education institutions as the Analysis and Socioeconomic Management Organization (AGSEO) at 419 
the Metropolitan Autonomous University and the Industrial Ecology Research group (GIEI) by the 420 
National Polytechnic Institute. The supporting role of the research educational institute heighten to 421 
reproduce the number of synergistic exchanges in the IS project and foster the innovation, 422 
technological, communicational and organizational skills necessary to enhance the performance of 423 
the network. On this phase the main outcome was the industrial metabolism analysis developed in 424 
the Altamira group, where 29 material fluxes were identified, together with 63 potential symbiotic 425 
exchanges. After a technical and economic viability study only 13 of those proposed exchanges were 426 
undertaken, attending efficiency gains of 44820 wastewater, 44400 carbon dioxides and 26720 carbon 427 
tons a year (Carrillo, 2005; BCSD-GM, 1999). Other sources of development were the regulation 428 
pressures implemented by public agencies and other side institutions which fostered Mexico’s 429 
environmental policy and the adoption of more developed environmental strategies. Some of the 430 
research questions formulated during this period time were: Which factors assure the good 431 
performance of a byproduct strategy? What kind of firm can participate in a symbiosis strategy? 432 
What are the current firms’ incentives to integrate this material and energy synergic dynamic? 433 
 434 
The third phase was the Regional learning (2011-2015), where the evidence suggested a turning 435 
point of industrial symbiosis typology throw “Facilitator collective learning” where six of the firms 436 
become engaged in a collaborative learning process to develop a more symbiotic network dealing 437 
with the two main problems in the sought for sustainability. First, firms discovered that it is 438 
relatively easy to achieve superficial, short-term social change, but social actors tend to fall back into 439 
their old patterns of behavior over the long term due to their embeddedness in an institutional 440 
context. Second, firms found that to ensure the system’s structural change rather than system 441 
optimization, changes need to emerge from the current system. Thus, every actor needs to be 442 
involved in the changing process, role that has been performed by AISTAC (as a facilitator on inter 443 
firm negotiations and agreements). The self-adaptive changing processes has led to a permanent 444 
state of learning, facilitated by the AISTAC communication and couching skills developed. The 445 
material flow synergies were reduced to 241 seeking to determine the conditions to establish a 446 
resilient industrial symbiosis, stressing the feeling that the main motivation in the Industrial 447 
symbiosis at that phase was the resilience of the system, because even with a decreasing number 448 
synergy (in volume and transaction value), the resilience sought to be improved in the process 449 
through the diversity and redundancy of activities and actors involved in the BPS network. A 450 
change toward sustainability is difficult to achieve in Altamira petrochemical BPS due to actor’s 451 
divergence of interests, contending technologies and by products, which makes companies’ 452 
synergies particularly difficult. The fact that Altamira’s synergies are restricted mainly to ancillary 453 
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process, is one of the evidence of the vulnerability of the industrial symbiosis, supported also by 454 
Rotterdam IS analysis by Baas et al. (2004). 455 
 456 
Finally, the current phase (2016 up to present), is under construction, with the commitment of 457 
15 firms fostering the engagement of new participants in the network even if they don't belong to the 458 
AISTAC. The decision is between maintaining a shrinking Regional learning or to endeavor an 459 
overarching industrial symbiosis outlook known as the Sustainability of Industrial District (2016). 460 
This decision relies on the managerial decisions and willingness of the stakeholders to extend the 461 
scope of the ISN to a larger scale (local or even regional) through the Eco-Cluster development, 462 
encouraged by a declining current situation in the volume and transaction value of synergies, 463 
partially attributed to the decreasing marginal efficiency of environmental actions detailed by Boiral 464 
(2005). Even when the adaptability and flexibility motivation are collectively attended in the final 465 
phase; at one moment, the ISN cannot be restricted to biophysical flows (313 material flow synergies) 466 
because of the global and interconnected dimension that industrial symbiosis brings to the social 467 
dimensions of industry’s ecosystem. In this phase, the importance of social dimensions and 468 
qualitative data is undeniable. Altamira municipal government contribution is necessary to develop 469 
a strategy for the development of an eco-cluster with a broader scope of firms including small and 470 
medium firms as potential stakeholders of the Eco-innovative strategies. 471 
 472 
Table 2. Four phases of dynamic evolution at BPS Altamira, characterized by typology, motivations, initial 473 
actors and overall the storyline 474 
 475 











the Gulf of Mexico 
(BCSDGM) 
- The early stages of a market for industrial 
symbiosis development 
- 21 companies engaged in the project identifying 
373 potential material flows: 199 inputs and 174 
outputs, the atmosphere of trust was 
strengthened and great enthusiasm was 










The BPS 21 firms at 
Altamira project 
and the AISTAC 
-63 more potential synergies identified by the 
research groups and stakeholders. 
-Inclusion of the research community  
-Increasing of environmental pressures and 
regulations from government. 








Resilience  The six most 
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the BPS Altamira 
project and the 
AISTAC 
-Decreasing number of biophysical exchanges and 
in the value of this transactions. Only two new 
byproduct exchange projects developed by 
INDELPRO and CABOT. 
- Industrial symbiosis limited to ancillary 
products and not related to core activities and 
processes. 
In an early phase of 
definition of the 
Sustainability of 
industrial district 










-Decreasing marginal efficiency of environmental 
investments. 
-Altamira municipal government contribution 
necessary to develop a strategy for the 
development of an eco-cluster with a broader 
scope of firms including small and medium firms 
as potential stakeholders of the Eco-innovative 
strategies. 
A dynamic methodology for industrial symbiosis analysis 476 
To create a dynamic methodology for industrial symbiosis, which considers the storyline in a 477 
comprehensive overview of its organization process, we require a methodology combining the 478 
outcome of several research approaches. In what follows, we will refer to the following approaches: 479 
(1) the biophysical approach, i.e., identifying and accounting the energy and material flows 480 
evolution at the industrial symbioses in relationships within an ecosystem (accounting materials and 481 
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energy fluxes); and (2) the social dynamic approach, based on the literature review, the author’s as 482 
well interviews with public authorities, civil society and research and education organizations. The 483 
methodology is going to be applied to the Altamira Industrial Symbiosis case study, stressing the 484 
overarching potential application to any other industrial symbiosis to analyze the historical 485 
organizational process that influence the current situation and structure of the network. 486 
 487 
Biophysical approach 488 
In the phase started in 1997, the data gathering was based on a literature review supplied 489 
mainly by the World Business Council of Sustainable Development – Gulf of Mexico. According to 490 
this review, a material and energy flow diagram (Figure 2) was built to improve material and energy 491 
flow accounting. 492 
Figure 2. Material and energy flow diagram built from information provided by the WBCSD 493 
 494 
Source: (Lule Chable, Cervantes Torre-Marin, & Carrillo González, 2013) 495 
The previous diagram was the only available data of BPS Altamira, where every company was 496 
taken as a black box. The internal processes were confidential: the only information shared was the 497 
waste fluxes used as raw materials by other companies through a synergic relationship. The material 498 
and energy fluxes were not explicitly described, but a symbolic language was developed at the GIEI 499 
to properly describe the Industrial Symbiosis Diagrams by Lule et al. (2010).The data gathering of 500 
the regional efficiency and the regional learning phases (phases 2 and 3) were obtained from the 501 
available literature review and from the study of Cervantes and Carrillo, described in detail in the 502 
book “The industrial ecology in Mexico: achievements, challenges and perspectives” (2013). All this 503 
research on BPS Altamira project was nourished by several visits made to the AISTAC, to the main 504 
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companies linked with industrial symbiosis, and to public authorities, the construction of Synergic 505 
Diagrams, depicting existing synergies and proposing further potential synergies.  506 
 507 
A regional diagnostic was made with secondary sources and official data to identify the industrial 508 
dimension and AISTAC’s influence during the second phase. Then the role of the AISTAC was 509 
documented by interviewing some members and identifying the existing and potential mechanisms 510 
of cooperation. 511 
 512 
Social approach  513 
 514 
To gather the qualitative data that shed light on the social dimension of the fourth dynamic phases 515 
of BPS Altamira project, interviews were conducted to AISTAC key actors, firms’ heads and 516 
non-profits stakeholders involved in the industrial symbiosis. 517 
 518 
In the first, second and third phases of dynamic evolution, the literature review and the Ph.D. 519 
dissertation of Carrillo (2006) provide materials to identify social keys into the development of 520 
Industrial symbiosis at BPS Altamira project. From the interviews (February 2017) realized with the 521 
most engaged firms of the BPS Altamira project (CABOT, Mexichem, M&G Petroquimica Mexico, 522 
INDELPRO and INSA), we develop a better understanding about how ideological structures 523 
encompassing the biophysical and social dimension could drive firms to use a shared language 524 
which might be impossible without exploring the relevance of the political, cultural, ecological and 525 
economic dimensions. 526 
 527 
The theoretical framework proposed by Baas & Boons (2004) and the Industrial symbiosis 528 
dynamic typology suggested by Boons & al. (2016) provide a dynamic logic of phases in the 529 
industrial symbiosis which is used as an input in this study. Both explore the linkages among 530 
dynamic typologies that could build the multistage phases model of the BPS Altamira project in an 531 
overarching outlook, encompassing economic, social and environmental dimension. Without the 532 
dynamic understanding looking back to the stakeholders and regions past story, it will soon become 533 
the most tangible example of an inarticulate structure of variables and resources, acting in the 534 
short-run and trying to solve problems in day-to-day planning. 535 
 536 
We are confident that the identification of motivation, key actors and factors and the overall 537 
storyline for each IS will exceed the attended benefits from a dynamic and multidimensional 538 
understanding of the industrial symbiosis and could assure the success of the following stages, 539 
providing potential organizational strategies, according to the stage of development of the industrial 540 
symbiosis, instead of only “end of pipe” solutions based on technology efficiency to partially solve 541 
problems. 542 
Results and discussion 543 
We aim to depict the benefits obtained from a comprehensive transitional process analysis in 544 
the industrial symbiosis, stating for this purpose three different stages - regional efficiency, regional 545 
learning and sustainable industrial district (Baas & Boons, 2004) - and relating them to an 546 
underpinning motivation linked to the starting actors and interacting in an overall storyline for the 547 
industrial symbiosis network (ISN). So, the understanding of the ISD depict a platform of 548 
socio-technical and environmental collaboration under different context, motivations, actors, phases 549 
of development and outcomes, thus a better understanding of the storyline will clarify the required 550 
organizational strategies and mechanisms to foster managerial skills and stakeholder’s motivations 551 
to encompass a compelling interactive learning process. 552 
 553 
  554 
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Figure 3: Historical transition process in the Industrial Symbiosis 555 
 556 
 557 
In the Figure 3, we can corroborate that from the second phase when the marginal efficiency 558 
tipping point is achieved the number of firms involved and the number of material byproduct flows 559 
in the Industrial symbiosis decreased with time until the third phase of the evolution. According to 560 
the data obtained in the interviews, this effect is triggered by the decreasing marginal efficiency of 561 
synergic investments. The previously mentioned marginal efficiency reduce the attractiveness of the 562 
symbiosis, combining with the fact that the Altamira BPS Industrial Symbiosis is based only in 563 
ancillary process in the petrochemical industry. The fourth phase represents a tipping point where 564 
the Altamira municipal government contributes to develop a strategy for the development of an 565 
eco-cluster. The further Eco-cluster includes small and medium size firms as potential stakeholders 566 
of the eco-innovative strategies, increasing through this pathway the synergetic material flows 567 
concerned. 568 
 569 
Relevant insights were developed, that let us understand what are the concerning mechanisms 570 
that determine the attractiveness of industrial symbiosis and the willingness to join the network for a 571 
potential firm. Those mechanisms addressing the firms’ incorporation to the symbiosis are settled in 572 
social and biophysical dimensions. In the social realm we can distinguishing the size of the 573 
enterprise, cost criterion; in addition, with a shared language (facilitating communication), 574 
organizational skills, environmental values (respect, cooperation, ethic and social responsibility), 575 
trust in relative structures, and environmental policies and regulations in Mexico. Then, in the 576 
biophysical realm we found the technical resources, available technology and availability of 577 
by-products in the Industrial Symbiosis Network (ISN) (Cervantes, 2013; Carrillo, 2013). 578 
 579 
AISTAC performance: BPS Altamira project shows that corporate membership in the association 580 
incorporates environmental values and pushes further innovation and communication between 581 
members, becoming a key driver of synergies’ development. In the AISTAC, they have managed to 582 
involve company employees in the seek for economic and environmentally efficient alternatives. A 583 
method for systematizing exchange, creating trust and encouraging communication among 584 
environmental managers was successfully built in Altamira. 585 
The company size was determinant: large, and only rarely, medium-sized companies could make 586 
long-term recovery investments.  587 
Environmental values: among the Altamira companies, market positioning and incorporation of 588 
environmental policies in their strategies make it easier to invest in current expenditures than to 589 
consolidate new projects. Additionally, environmental practices were considered as ethical 590 
investments and thus well ranked for funding. In any case, the image of an environmentally 591 
friendly/sustainable company is fairly important as it leads to a more positive relationship with the 592 
community and environmental organizations. 593 
Cost criterion: It was clear at the beginning that the economic driver would determine the 594 







































Phases in the transition process 
Companies involved Material flows Synergies
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market studies related in order to determine their viability, due to the fact that they can obtain the 596 
resources as long as it is cost-effective. These companies realized that after the project everybody 597 
would get the expected profits, meet recovery deadlines and obtain the economic and environmental 598 
benefits.   599 
 600 
Technical resources and available technology and by-products: It was found during the project that 601 
most of the identified byproducts, as well as the needed technologies, were available and firms 602 
counted on the properties required for the transformation and reuse. In the event that the 603 
participants were not familiar with the technology, specialists were invited to explain specific 604 
processes. However, synergies were achieved where the technology let project participant’s move 605 
forward in a modernization process or technological adaptation. Failed projects owed their failure to 606 
the fact that their byproducts didn’t achieve the required technical specifications.  607 
 608 
Organizational skills: time availability was identified as an important barrier because of the 609 
demands of the work day and other urgent tasks in the company. Despite this, the AISTAC’s role in 610 
coordination and organization was valuable. 611 
 612 
Environmental policies and regulations in Mexico were the largest obstacles to synergies 613 
consolidation because of the highly autocratic and centralized public legislation system. In México, 614 
instead of an environmental policy that encourages the existing collaborative examples of synergies, 615 
a wide legal framework exists and regulates the economical agents’ actions. It thus became more and 616 
more difficult to comply with the law. This was not the case for large companies because, due to 617 
their size, they are very visible, so usually the internal environmental policy of these organizations 618 
observes stringently the legislation. Laws, permits and procedures in energy, handling, use and 619 
disposal of residues, transportation and recycling have become a serious obstacle for innovation in 620 
medium, small or micro enterprises in Mexico. 621 
 622 
The industrial symbiosis approached as a process of innovation is not a perfect model, but 623 
rather an ecosystem in which interrelationships between different sub-ecosystems have been split by 624 
human activities and plans. To imagine a sustainable industry, we need to go beyond input and 625 
output flows (the study of metabolism), to get into and reconnect sub-ecosystems. We need to look 626 
for broader scopes to reconnect the different sub-systems by studying their interactions and the 627 
possibilities for producing symbiosis, and this reconnection could be motivated by the key 628 
mechanisms for IS success. The production process as we know it today is a problem, so we need to 629 
think about closing larger loops (i.e. in water, energy, material, infrastructure and non-material 630 
resources between housing, labor, energy, health, transport, population and the industrial 631 
sub-systems) in a sustainable way to reduce the amount of inputs that industry requires to supply 632 
their production processes. 633 
 634 
Industrial symbiosis is achieving a sustainability related approach and challenging us to think 635 
about the evolution of structures in the industrial system. This evolution has been achieved by 636 
considering relevant insights as different organization patterns, that are not necessarily new if we 637 
look backwards in the history, for example the collaborative /cooperative social structure. This kind 638 
of dynamic structure could help us to achieve a better understanding of the social innovations and 639 
transition process, its underpinning motivations, mechanisms, actors and typology concerned.  640 
Conclusion 641 
While industrial symbiosis may not be an ideal type/process or a perfect model (case of 642 
Kalundborg), it is more an ecosystem in which interrelationships suggest cooperation more than 643 
competition and in which environmental, social and cultural dimensions improve success. A 644 
historical description was made on their trajectory, environmental capacities, environmental 645 
policies, and social and economic aspects Tampico-Altamira’s experience shows that enterprise 646 
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participation/membership in an association that incorporates environmental values, innovation and 647 
communication between different members is a key driver in stimulating the development of 648 
synergies and providing the dynamics of industrial symbiosis. We believe that industrial symbiosis 649 
is the core of strong sustainability in the business model--a kind of socio-ecological strategy which 650 
has the potential to significantly reduce the ecological impact of the industrial processes of various 651 
large corporations.  652 
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